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INTRODUCTION 


Soil  is  rapidly  being  recognized  as  the  principal  reservoir  o] 
environmental  pesticides.  Because  ol  its  very  nature,  depth  and  h: 

and  methods  for  accelerating  decay  of  these  materials  in  soils  wou: 

n extensively  used  during  the  past  20  years  in  coi 


meat  by  the  residual  insecticide  is  almost  universal. 

DDT  persists  the  longest.  This  insecticide,  present 
soils,  comes  from  foliage  sprays  or  dusts  which  miss 
fall  on  the  soil  either  close  to  the  plants  or  after 

been  estimated  that  probably  as  much  as  50ft  of 
motoly  end  up  in  soil  either  in  this  way  or  by 
foliage.  Large  quantities  of  DDT  to  control  s< 
applied  as  sprays  or  dusts  to  the  soil  surface,  and  1. 
into  tho  soil,  or  are  combined  with  fertilizer  bofore 
or  are  coated  on  seeds  before  planting. 

The  mechanisms  of  disappearance  of  DDT  from  soil 
understood;  volatilization,  codistillation,  leaching, 


IDT  and  dieldrin 

i miss  their  targets  and 
after  drifting,  espocial- 

>il-inhabiting  posts  are 
, and  later  cultivated 

distributed. 


1See  Table  1 for  chemical  designations  of  pesticides  mentioned 


ysis,  and  microbial  activity  probably 
aeration  and  drainage,  moisture,  organic 

chemical  has  been  used  repeatedly  during  growing  seasons  in  the  s 


noted  that  interaction  between  pesticide  chemicals  and  soil  has  been 


submergence. 


is  most  popular  ii 
biochemical  and  chem! 


study  was  to  Investigate  the  fate 
virgin  Arredondo  line  sand  and  the 
tions  of  activated  sewage,  sulfur. 


more  rapidly  during  summer  months 
S applied  technical-grade  DDT  in 


;si“ 


REVIEW  or  LITERATURE 


material  now  popularly  : 
Zeidlor  in  187-1.  T 
testing  by  the  Sw 


s rosynthesis  of  Zeidler's  compound  ai 


insecticidal  properties  o: 


March  7,  19-10  (West  and  Campbell  1952). 

The  composition  of  the  crude  DOT  prepared  varies  with  the 
employed  and  the  conditions  of  reaction.  Technical  DOT  is  the 
widely  used  for  the  preparations  of  dusts  and  solutions. 

Numerous  gas  chromatographic  studies  of  technical-grade  I 
shown  it  to  be  composed  of  a number  of  compounds.  It  has  beoi 
to  be  composed  of  at  least  14  compounds,  the  principal  ones  b< 


n Switzerland  on 


ing 


generally  agreed  t- 


Relative  stability  i 


d Gaston  1963) . 


d hydrocarbons  hai 
lipophilic  compounds  of  low  polarity, 
heptachlor  are  less  stable  in  alkali  than  acid  so  : 
peristenoe  in  soil  (Edwards  1966) . Some,  such  os  . 
compounds  that  are  not  toxic  to  insects  (Edwards  e 


DDT,  BHC,  Chlordane  and 
acid  so  pll  may  affect  t: 


APPROXIMATE  COMPOSITION  OF  TECHNICAL  DDT  (FREAR  1955) 


1( l . l-trlchloro-2. 2-bis(p-chlorophenyl)  ethane 

(ElE'-DDT) 

1 1 l-trichloro-2-(o-chlorophenyl-2-<£-chlorophenyl) 

1 . 1- dichloro-2, 2-bis(p-chloro phenyl ) ethane 

(£.£’-TDE) 

1.1- dichloro-2-(o-chlorophenyl)-2-(£-chloro phenyl) 


1-o-chlorophenyle thy 1-2-t rich loro-£-chlorobenzene 


Bis(£-chlorophenyl)  sulfone 0.03-0. o 

a-Chloro-^-£-chlorophenylacotamide °*01 

Chlorobenzene 0,3 

n-Di chlorobenzene 0.1 

1,1,1, 2-tetrachloro-2-(£-chlorophonyl)  ethane present 

Sodium  £-ehlorobonzonesulfonate 0.02 

Ammonium  £-chlorobenasenesulfonate 0.01 

Inorganic.  ....  0.01-0.1 


Unidentified 


stein  and  Schulm  1959).  Others  yield  a mixture  ol 
which  are  insecticidal  and  others  not;  an  oxample 
down  in  soil  to  ODD,  DDE,  and  other  compounds.  A1 
degrade  to  dieldrin  and  heptachlor  epoxide  which  n 
active  (Edwards  et  ol.  1957,  Bollen  et  ol.  1958,  C 
Lichtenstein  and  Schula  1 


e insecticidally 
insecticides  and 


aid  et  al.  (1900)  found  that  18%  of  DDT,  20%  of  D: 
ie  disappeared  in  a yoar. 

1 . (1960)  treated  several  different 
d hydrocarbon  insecticides  and  found  that  D 
persistent,  oldrin  least,  ai 
Roberts  et  al.  (1962)  DDT  w. 


intermediate.  According 


Tho  variable  persistence  reported  for  DDT  and  other  insecticides  i 
soil  reflects  not  only  the  effect  of  soil  characteristics  ond  environ- 
mental, climatic,  or  geographical  variations,  but 
pling  methods  and  analytical  techniques  used  by  different  w 


Affecting  Persistence  i 


amount  applied  were  much  less  for  larger  dosos  than 
after  66  months  at  15  lb  actnal/acre  33%  of  DDT  reit 
actual/acre  only  19%  remained. 

Callaher  and  Evans  (1961)  found  no  influence  c 


actuol/acre. 


Lichtenstein  nnd  Schulz  (1959)  found  that  in  the  field,  twice  as 
much  DDT  as  a percentage  of  the  original  application  was  recovered 
after  42  months  from  a plot  treated  with  100  lb  actual/aoro  than  from 

Edwards  (1966)  plotted  all  the  published  results  together  with 
some  unpublished  data  as  regressions  of  percentage  of  original  dose  of 
insecticides  against  time.  The  regressions  showed  clearly  that  propor- 
tionately more  insecticides  disappeared  from  a small  dose  than  from  a 


Soil  Characteristics  a: 
Lambert  et  al.  (1965)  1 
le  for  determining  the  fa 


T Persistence 
e following  factors  as 


1.  Makeup,  clay,  silt,  sand,  organic  matter,  etc. 

2.  Structure;  bulk  density,  surface  area,  heterogeneity,  etc. 

3.  Prior  treatment;  chemical,  agricultural  practices,  etc. 

B.  Typo  of  chemical:  Physical  properties,  solubility,  vapor  pressure, 

stability,  etc. 

C.  Climatic  conditions:  Rainfall,  pressure,  temperature,  sunlight,  etc 

D.  Biological  population:  Types,  nutrient  requirements,  adaptations, 

E.  Method  of  application:  Granular,  wettable  powder,  solvent,  etc. 

The  type  of  soil  seems  to  be  the  most  important  single  factor  in 
determining  the  persistence  and  availability  of  the  chemical.  The  soil 
type  is  determined  by  features  such  as  the  proportions  of  stones,  sand, 
silt,  and  clay,  the  mineral  content  and  structure  which  influences  the 
pH,  and  the  organic  matter  content. 


Fleming  and  Moines  (19i 
mineral  soils  by  bioassay  w. 
persisted  longest  in  sand  a 
general  belief  that  heavier 


But  bioassay  da' 
available  to  ki' 


much  clay  and  organic  matter  : 
t they  persist  there  longer. 


Barlow  and  Hadaway  (1955)  showed  that  solid  particles  of  DDT  depos- 
ited from  aqueous  suspensions  could  disappear  very  rapidly  from  the 
external  surfaces  of  blocks  made  from  tropical  soils.  It  was  a physical 
process  of  adsorption  and  Involved  complete  loss  of  biological  activity 
of  the  insecticide.  They  found  that  the  red  soils  with  much  iron  oxide 
most  actively  sorbed  DDT.  British  soils  sorbed  poorly,  ovon  pent 
sorbing  much  less  than  most  of  the  African  soils.  Taveta  red  soils, 
which  absorbed  more  slowly  than  the 

proportion  of  larger  hard  quarts-like  fragments.  They  c 

clearly  showing  the  considerable  sorptive  pt 

Lichtonstoin  (1957),  in  a survey  of  2 4 orchard  and  c: 

e smallest  percentage  of  the  residues. 


a greater 


(T  particles  from  surface  of 
e lateritic  soi 


Absorption  by  the  inorganic  and  organic  f: 
attributed  to  one  or  more  of  the  following  forces: 

2.  Physical  adsorption  which  can  be  attributed  primarily  to  the 

3.  Adsorption  resulting  from  hydrogen  bonding  which  is  a bond  be 

fact  that  DDT  tends  to  associate  or  accumulate  in  the  organic  fractio 
the  insecticide  (Kunse  1966) . 


Chlorinated  hydrocarbon  insecticides 


Temperature,  Rainfall, 


d Leaching 


Gallalier  and  Evans 
affected  by  temperature 


rial  activity,  a 
Solubility  of 


(1961)  considered  that  breakdown  of  DDT  was  nc 

35  to  35  weeks)  with  its  high  temperatures, 
by  volatilisation,  chemical  degradation  or 
these  processes  could  be  affected  by  tempera- 
insecticide  is  also  temperature-dependent  am 
to  decrease  adsorption.  As  the  temperature 
the  adsorbed  insecticide  beet 


Barlow  and  Hadawny  (1956)  confirmed 
be  adsorbed  preferentially 


;hat  deposits 
They  explained 


ind  tho  insecticides.  Wnte 


e present  '. 


t high  humidities  hi 


initial  disappearance 

displaced.  Once  the  insecticide  1 
ential  adsorption  of  water  results 
scoticide  molecules  and  therefore 


the  solid  particles  lying 

n increased  mobility  of  the  in- 
hanced  rate  of  diffusion  farther 


The  solubility  of  £,  j>'-DDT  in  water  was  found  to  be  1.2  ppb  or 
loss  at  2SC  (Bowman  et  al.  1960).  Thus,  thoro  is  unlikely  to  be  much 
leaching  as  a direct  result  of  solubility.  It  is  possible,  however, 
that  the  particles  of  the  Insecticide  may  be  physically  washed  down 
through  crevices  into  deeper  soil.  Gucnzi  and  Beard  (1967a)  used  col~ 


ils  subjected  to  wetting  an 


drying  cycles  lost  more  lindane  than  DDT. 
4 era  of  water  during  the  cycling  process. 


n et  al.  (1954)  applied 


nch  deep  layers  and  analyzed  them  separately  fi 
nches  of  soil  still  contained  87%  of  the  resid< 
a further  9.5%,  and  the  remaining  3.5%  was  in 


Because  DDT  is  so  extremely  hydrophobic,  it  is  involved  in  an 
interesting  phenomenon,  DDT  moleaules  in  water  tend  to  migrate  to  the 
side  of  the  container,  where  they  may  be  adsorbed  or  adhere  to  the 


tones  place  (Acree  et  ol.  1963).  The  DDT  is  ovaporated 
along  with  water  molecules  at  a much  greater  rate  than  v 
dieted  from  its  extremely  low  vapor  pressure.  Once  the 
air,  the  catalytic  action  of  sunlight  promotes  i 
oxidation. 

Guenzi  and  Board  (1967b)  using  l4C-labeled 
experiment  in  soil  found  no  radioactivity  in  th< 
eating  no  volatilisation  of  DDT. 


Biodegradation.  Occurrence, 


d Persistence  o 


dechlorination  o 


.st  microbial  degradation,  although 

1964) . In  the  rat,  liver  microsomal  enzymes  catalyse  this  reaction  which 
also  requires  molecular  oxygen  and  reduced  triphosphopyridine  nucleotide 
(Morel lo  196S) . Also,  dechlorination  of  DDT  by  microorganisms  is  possi- 
ble. Proteus  vulgaris  and  baker's  yeast  reductivoly  dechlorinate  DDT  to 
ODD  (Barker  and  Morrison  1965,  Hallman  and  Andrews  1963).  However,  the 
efficacy  of  conversion  by  microorganisms  is  inversely  proportional  to 
availability  of  oxygen  in  the  system.  Stenersen  (1965)  found  that  when 
grown  anaerobically  or  in  an  oxygen  deficiency,  the  facultative  anaer- 
obes Serratia  marccscens,  Escherichia  coli  and  an  unidentified  strain, 
converted  DDT  almost  completely  to  DDD  (about  90%) . Castro  (1964)  and 
Miscus  et  ol.  (1965)  found  that  dilute  solutions  of  iron  (II)  porphyrin 
complexes  were  oxidized  by  DDT.  Thus,  it  seemed  likely  that  the  micro- 
bial dechlorination  of  DDT  might  be  explained  as  a process  implicating 
the  cytochromes  of  the  respiratory  chain,  the  absence  of  oxygen  serving 


II)  S 


e (II)  cytochrome  oxidase  was  responsible 

persistence  of  DDT  residues  in  soils  and  sediments. 

Chacko  and  Lockwood  (1966)  tested  nine  actinomycetes  and  eight 

DDD  by  six  actinomycotcs  but  not  by  any  of  the  fungi.  This  investiga- 


bc  highly  specific  for  DDT,  since  some  closely  related  analogues  did  not 
duced  demonstrated  that  a deuterium  atom  originally  present  at  the  2 

Feeding  £,£'-DI>r  and  o,£'-DDT  separately  (Klein  et  al.  1964)  at  a 


in  the  metabolic  pathway.  Feeding  o.ji'-DDT  yields  evidence  o: 
enxi  and  Beard  (1967c)  added  DDT  labeled  with  carbon-14  to  so: 


the  radioactivity  of 
liquid  scintillation. 


anaerobically  in  an  atmosphere  of  20%  C02 
and  4 weeks.  DDT  and  six  possible  de- 

from  individual  spots  were  determined  by 


soil  and  1%  alfalfa-amended  Pawnee  soil.  One  sot  of  soil 
both  sterile  and  nonsterile,  was  incubated  anaerobically  and 

h 1%  alfalfa  increased  the  rate  of  conversion.  Aftor  6 months 


In  the  past,  surveys  to  determine  the  levels  of  organochlorine 
analytical  procedures.  Colorimetric  procedures,  while  adequate  in  some 

orchard  soils  (Harris  et  al.  1966).  The  results  of  thoso  studios  have 
and  considerably  lower  in  field  crop  soils.  Harris  ot  al.  (1966)  in 


exploratory  studios  on  t: 
residues  in  agricultural 

was  found  in  15  of  26  samples  containing 
all  the  soils  investigated  by  Duffy  and  ' 

1 and  9 ppm.  A single  Nova  Scotia  orchi. 
a single  Newfoundland  sample  contained  1 


organochlorino  insecticide 

Ontario  found  DDT  in 
samples,  with  highest  boin 


DDT  plus  metabolites  between 

The  latter  appeared  chiefly 
in  soil  samples.  DDE  appeared  in  almost 
highest  levels  of  DDE  and  ODD  in  the 
soils  were  2.91  and  1.81  ppm  .respectively.  o,£'-DDT  was  found  consist- 
ently in  DDT-treated  soils.  The  highest  concentration  of  o,£-DDT  found 
in  any  soil  sample  was  2.63  ppm. 

The  subject  of  pesticides  in  natural  water  sources  has  been  dis- 
cussed by  Hlnden  et  al.  (1964)  as  well  as  in  the  extensive  review  by 
Marth  (1965).  The  former  group  reported  tabulated  data  of  pesticides 
found  in  water  samples  taken  from  many  sources  in  the  Columbia  river 
basin  in  the  irrigation  seasons  of  1961  and  1962.  Demonstrable  amounts 
of  ODD  wore  found  in  only  six  of  the  samples  listed,  but  it  is  interest- 
ing to  note  that  three  of  these  contained  higher  concentrations  of  DDD 

were  only  slightly  less  than  those  of  DDT.  DDD  is  often  detected  os  a 
residue  in  situations  where  only  DDT  has  been  used,  and  DDD  appears  to 
persist  for  unusually  long  periods  (Miscus  et  al.  1965).  Studies  with 


■d  porphyrins  showed  partial 


o ™C-DD 


extraordinary  persistence 


!,  California,  because 


may  bo  available  as  a continuing  precursor 
(Missus  et  al.  13fiS).  Distilled  water,  ho» 


DDD,  nor  did  boiled  distilled  water  ant 
t prophyrins,  under  the  proper  reducing 


MATERIALS  AND  METHODS 

Collection  pad  Preparation  of  the  Soil  and  the  Sampling 

o'  r.  : ■ ' ■ : 

Soil  samples  (0-15  cm)  representing  the  Arredondo  fine  sand  soil 
pc  were  obtained  from  the  University  of  Florida  Campus,  immediately 
uth  of  the  McCarty  Hall  staff  parking  lot.  The  soil  was  air-dried  at 
iom  temperature,  sifted  through  a 2-mm  screen  and  thoroughly  mixed. 


e University  of  Florida 


Campus  Sewage 


1 pH  wi 


suspension  after  30  minutes  with  a glass  electrode  and  a Corning 
iter.  The  undiluted  sewage  was  used  for  the  pH  determination. 

Ten  grams  of  air-dried  soil  were  transferred  to  a weighed  aluminum 

id  dried  for  12  hours  for  moisture  determination  (Piper  1947). 
raised  border  (a  simple  earth  dike)  was  made  around  an  area  B-ft 


sampling  area.  The  arc 


h a polyethylene  s 


soil  was  allowed  ti 


e separate  borings 


^United  States  Department  of  Agriculture.  1954.  Soil  survey 
Alachua  county,  Florida.  Serios  1940,  no.  10.  66  p.  , 


The  water  percentage  by  weight  at  th 

Walkley-31aek  wet-combustion  method 
gram  of  air-dried  soil  was  oxidized 
and  sulfuric  acid.  A 100-ml  somplo 
poured  into  an  Erlenmeyer  flask,  tht 
measuring  flask  with  distilled  watei 
mate  solution  and  sulfuric  acid.  W: 
cator,  the  excess  dichromate  was  ti! 

matter  by  multiplying  the  figure  to: 
"Van  Bemmelen  factor"  of  1.724.  Tht 
assumption  that  organic  matter  conti 

weighed  out  into  a 250-ml  Erlonmoyer 


modified  by  Walkley  (1947) . One 


and  oxidized  with  potassium  dichro- 
;h  orthophenanthroline  as  an  indi- 
•ated  against  1 K ferrous  sulfate. 

; have  been  reported  os  organic 


A 25 -gram  air-dried  s 


um  following 


several  minutes  and  then  allowed  to  sto 
transferred  to  a Buchner  funnel  fitted 
seated  by  gentle  suction.  The  soil  was 

10%  sodium  chloride  solution  of  pH  2.5 
suction  flask.  An  aliquot  was  placed  i 
the  ammonium  distilled  and  back  titrate 


as  stoppered  a 


l shaken  for 
le  suspension  w 


was  leached  with  450  ml  < 

n 800-ml  Kjcldahl  flask  ai 
'ith  0.1  N sulfuric  acid  s< 


(Chapman  1965) . 


ic  acid  buffered  at  pH  1.8)  was  used  lor  th 
K determinations  with  the  flame  photometer. 
Total  N in  the  sewage 
dahl  method,  modified  1 


adding  salicylic  acid  during  the  digestion 
;rate-N  in  the  determination.  Ammonia  was  distilled  into 
,d  solution  with  a mixed  indicator  of  bromocresol  green 
1,  and  titrated  with  0.1  N hydrochloric  acid  solution, 
aliquot  of  sewage  was  pipetted  into  a weighed  beaker  and 


d material  i 


the  pipette  method  (Day  1965). 
The  characteristics  of  the  so 
e summarized  in  Table  3. 


1 Treatments 


Fig.  1 shows  the  outlines 
conducted  in  the  completely 

Technical-grade  DDT  powder  was  supplied 
Chemicals.  The  insecticide,  flowers  of  sulfv 
powder  were  applied  in  50-gram  portions  of  a: 
a morter  with  a pestle  for  thorough  mixing, 
added  to  get  the  desired  concentration,  and 
in  a plastic  rotary  blender  for  5 minutes.  ' 
hand-mixed 


factorial  experiment  w 
design. 


/ Geigy  Agricultural 
e sewage  was  applied  and 


e insecticide  was  a< 


United  States. 
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1^1  Duplicate  treatments  with  10  ppm  of  technical-grade  D 


technical-grade  DDT. 


lOAni  Duplicate  treatments  with  10  ppm  of  technical-grade  DDT. 

UOAnl  Duplicate  treatments  with  110  ppm  of  technical-grade  DDT. 

1 1 0A  n 2 

*J“»1  Duplicate  treatments  with  210  ppm  of  technical-grade  DDT. 
The  soil-sampling  schedule  for  the  experiment  was  os  follows: 


Before  sampling,  the  contents  in  the  j, 
a spatula.  Then  a large  plastic  spoonful  o 
in  the  freezer  in  a polyethylene  bog. 


T - Components  t 


■ci  Metabolite 


s Chromatography 


1 samples  were  air  dri' 
.1  sample,  equivalent  t 


at  room  temperature.  Largo  soil  lumps  were 
sifted  through  a 2-mm  screen.  An  air-dried 
10-gram  oven-dry  wt,  was  placed  in  a quart 
ml  of  distilled  water.  The  extraction  was  accomplished  with  100  ml  of 
The  jar  was  sealed  and  tumbled  for 
d tumbler  at  64  rpm.  The  extract  was  filtered 
1 no.  513)  into  o 500-ml  separatory 


through  a fluted  filter  paper  (E  & D,  no.  51. 
funnel  with  teflon  stopcock.  The  extract  was  washed  with  three  100-ml 
portions  of  distilled  water  and  the  hexane  layer  retained.  The  hexane 
layer  was  passed  through  a small  Buchner  funnel  containing  a filter 
paper  (Whatman  no.  40),  30-ml  anhydrous  sodium  sulfate,  15-ml  super  cel 

i stored  at  1.67C,  prior  to  analysis, 
chromatography  equipment  used  con- 
designed  to  fit  together  to  form  a 
chromatograph  was  equipped  with 
containing  200  mCi  tritium  foil  and  a strip 


a 50-ml  glass-stoppered  bottle  a 


sisted  of  a number  of  separate  ui 
complete  chromatography  system, 
electron-capture  d< 


Unpublished  method.  Pesticide 
Department,  IFAS,  University  of 


Laboratory,  Food  Science 
, Gainesville,  Florida. 


A U-shaped  1.5-01  Pyrex  glass  column  (B-mra  outside  diameter)  was 
packed  with  3%  QF-1  on  80/100  mesh  Gas  Chrom  Q.  The  operating  param- 
eters of  the  chromatograph  were  as  follows: 

Carrier  gas  mixture  Argon  95% 


40  psi 
60  ml/rain 


Column  t 

Detector  temperature  202C 

Vaporiser  temperature  220C 

The  samples,  from  a 10-microliter  syringe  of  prepared  standards 
unknowns  in  hexane.wero  used  for  analysis.  All  samples  were  prepared 

js  present  would  fall  within  the  linear  response-range  of  the 


solutions  containir 


a quantities  of  £. £'  “DDT, 


injecting  hexane 
£,£'-DDD,  o,£'- 


results  are  shown 


FIGURE  2.  GAS  CHROMATOGRAM  OF  0.2  ng  EACH  OF 
E,]>'-DDT,  £,i)'-DDD,  o, JJ'-DOT,  AND 
0.1  ng  OF  E.E'-OOE  STANDARDS  IN 
HEXANE. 


GAS  CHROMATOGRAM  OF 


STANDARDS  Tn  HEXANE . 


CAS  CHROMATOGRAM  OF  DDT  RESIDUES  AND  METABOLITES 
PRIOR  TO  DDT  TREATMENT. 


FIGURE  6.  GAS  CHROMATOGRAM  OF  DDT  RESIDUES  AND 

METABOLITES  IN  HEXANE  EXTRACT  FROM  THE 


OAS  CHROMATOGRAM  OF  DDT  RESIDUES  AND 
METABOLITES  IS  HEXANE  EXTRACT  AS  REAGENT 


RESIDUES 


£.J.'-DOT  E.E’-DDD  o.E'-DP 


FIGURE  9.  GAS  CHROMATOGRAM  OF  0.96  ng  TECHNICAL  DDT  IN 
HEXANE . 


FIGURE  10.  GAS  CHROMATOGRAM  OF  1.44  ng  TECHNICAL  DDT  IN 
HEXANE. 


ANALYSIS 


TECHNICAL 


by  drying  in  air  and  passing  : 


s prepared  for  analysis 


A glass  tube,  200-cun  x 18-aun  was  plugged  with  a small  wad  of  < 
10  grams  of  florisil  on  top  of  which  15  i 
ree  grams  of  anhydrous  sodium  sulfato  we: 

s carefully  introduced  into  the  column  a: 


placed  on  top  of  the  alum 
of  carbon  tetrachloride  w 


allowed  to  cool,  and  decolorised  by  the  addition,  drop  by  drop,  of  a 


water.  Extraction  was  made  successively,  wi 
seconds  each  time,  with  15-,  5-  and  5-  ml  po 

wator  added.  A 4 S potassium  hydroxido  solu 
chloride  layers  were  washed  with  5 ml  of  wat 


carbon  tatrachlo- 


solvent  ai 


e extract  evaporated  to  dryness. 


uni  hydroxide  solution  until  litmus  paper  jus 
The  cooled  solution  was  washed  into  a 6 


h a cover  glass  was  placed 
l cooling,  of  4 S potassi- 


separatory  funnel  with 

Lth  5-  ml  portions  o 
through  anhydrous  s 


carbon  tetrachloride,  rinsing  the  beaker 

The  carbon  tetrachloride  solution  w 
sulfate.  The  funnel  and  the  desiccant  were  washed  with  a little  more 
solvent.  The  volume  was  reduced  to  0.5  ml  in  a current  of  air. 

Ten  ml  of  5%  ethanolic  potassium  hydroxide  solution  were  added.  The 
ethanolic  potassium  hydroxide  solution  was  prepared  by  heating  10  grams 
of  potassium  hydroxide  with  100  ml  of  absolute  ethanol  under  reflux  until 
dissolution  was  complete.  The  solution  was  freshly  prepared  and  filtered 
immediately  bofore  use.  The  contents  were  shaken  gently  for  IS  minutes, 


RESULTS 


o statistical  analysis  o 


s given  in  Appendix  Tj 


spouse  in  pH  > 


th  the  addition  o 


Flowers  of  sulfur  (Appendix  Ta: 

moisture,  it  is  to  be  expected  that 
be  a limiting  factor,  and  because  tl 


particle  size  of  a given  mas 


use  the  sulfur  oxidizing  organisms  are 


.t  exhibited  a' 


The  sowage  treatment  did  not  produce  any  effe. 
x Tobies  28-32,  and  Fig.  11). 

In  general,  flooded  soils  had  approximately  o 


ig.  Id). 


capacity. 


i;. 

— 

— 

pH  CHANGES  IN  TREATMENT  1 
CONTAINING  SOIL,  TECHNICAL 
DDT,  AND  ACTIVATED  SEWAGE 
DURING  24  WEEKS. 


FIGURE  13.  pH  CHANGES  IN  TREATMENT  3 
CONTAINING  SOIL.  TECHNICAL 
DDT,  AND  SULFUR  DURING  24 


FIGURE  14.  pH  CHANGES  IX  TREATMENT  4 
CONTAINING  SOIL.  TECHNICAL 
DDT,  AND  CALCIUM  CARBONATE 
DURING  2-1  WEEKS. 


1 pH  r: 


of  ferrous  iron  by  the  clay,  T 
hydroxide  ion  for  each  iron  red 

Researches  in  upland  soils 

unstable  in  the  presence  of  alii 
pH  does  not  directly  influence 
(1951)  presented  data  whit 
cant  factor  in  catalysing 

The  purpose  of  sulfur 
extreme  pH  values 


her  rapidly  w: 


.e  precipitation 
the  adsorption 


most  of  the  evidence  suggests  that 
persistence  in  soil.  Downs  et  al. 

alkalinity  was  not  a signifl- 


ordinarily  is  from  around  i to  7. 
only  when  free  acids  are  present,  aui 
above  7 indicate  alkalinity  rather  t; 


d Fig. 


calcium  carbonate 

id  to  observe  the  fate 

during  2d  w 


Degradation  of  Technical  DDT  - Components 


(Edwards  1966),  t 


Persistence  of  DDT  in  soils  is 
ihods  for  accelerating  the  decay  of  this  material  in  soils  would  be 
monumental  importance  whenever  an  undesirable  accumulation  occurs. 

Gucnsi  and  Beard  (1987c)  added  14C-labelod  £,t)'-DDT  to  soil  and  t 
cture  was  incubated  anaerobically  for  2 weeks  and  4 weeks.  j>,n'-DDT 
d six  possible  decomposition  products  were  separated  by  thin-layer 


chromatography  and  the  radioactivity  of  the  material  from  individual 

y liquid  scintillation.  The  £,£'-DDT  was  dechlo- 


metabolitcs  were  dotected 
Technical-grade  DDT 
cipal  ones  being  £,£'-DDT 

DDT,  o,£'-DDT,  and  £,£'-0 


and  £, £* -DDD  (Blinn  and  Gaston 
i experiment  was  analysed  for  £,£*" 

operating  parameters  of 
adjusted  for  the  dotoction  and  quantification 


the  gas  chromatograph 
of  £,£'-DDT,  o,£'-DDT,  £,£'-DDD.  and  £,£'-DDE  as  the 
components  and  metabolites. 

The  results  of  the  gas  chromatographic  analyses 
6-25.  The  analysis  of  variance  data  for  £,£'-DDT,  £, 
and  £,£*-DDE  ore  presented  in  Appendix  Table  27. 

Three  levels  of  applied  technical-grade 
differences  on  the  1 


technical-grade  D] 


P showed  significant 
’-components  and  metabolites  and  the 
iccause  different  amounts  of  £,£'-DDT, 
-DDD  and  o p ' -DDT  were  present  in  the  technical-grade  DDT  which 

applied  at  10  ppm,  110  ppm,  and  210  ppm  levels. 

The  analysis  of  variance  data  for  the  mean  squares  for  DDT-compo- 
;s  and  metabolites  showed  a positive  response  due  to  incubation  at 
at  field  capacity  versus  flooding  with  water.  The  mean  squares 

significantly  with  time.  Data  from  the  last  sampling  after 
•oks  of  incubation  showed  a curvilinear  trend  which  can  be  compared 
the  typical  growth  curve  obtained  in  biological  responses. 
Considering  tho  amounts  of  £,£'-DDT,  o,£  -DDT,  £,£  -DDD,  end  £,£ 

,s  the  main  effect  or  as  the  source  of  variation  in  their  analyses. 


significant  differences  were  obtained.  This  shows 
made  for  the  components  were  significantly  different.  This  is  because 
of  sampling  and  experimental  error  associated  with  the  heterogeneity  o 
the  soil.  Because  of  the  plastic  nature  of  the  tochnical-grade  DDT 
powder,  it  has  the  tendency  to  stick  to  solid  surfaces,  and  the  small 
d not  be  mixed  thoroughly  with  the  soil 


.e  mean  squares  of  the  data  also  show  tnot  tne  tota 
ID,  o,£'-DDT,  and  £,£'-DDE  decreased  gradually  with 
Guenzi  and  Beard  (1967c)  separated  s 
decomposition  products  due  to  anaerobic  biodegradation  oi 


DT-components  of  t 


e also  formed  b 


le  degradation 


£,£' -DDT,  o.p'-DI 
is  also  apparent 

of  technical -grai 
nificant  and  is  i 


:woen  four  treatments 
significantly  different.  Or,  in  o 
of  sewage,  no  treatment,  sulfur, 
significant 


. £.£--I 


d £,£'-! 


that  pH  changes 
hie  to  different  amounts  of  £,£'-Di 


technical-grade  D 


37C  at  field  capacity  versus  flooding  with  water  became  significant 
aftor  the  6-week  period  and  throughout  until  the  end  of  the  experiment. 


on  the  degradation  of  the  insecticide.  It  was,  therefore,  decided  to 
consider  the  average  of  £,£'-DDT,  £,£'  -DDD,  o,£'-DDT,  and  £,£f-DDE 
separately  from  the  four  treatment  combinations.  Bar  charts  were  drawn 
for  the  three  levels  of  applied  technical-grade  DDT. 

Bar  charts  for  each  level  of  technical-grade  DDT  applied  at  the 


in  concentration  in  ppm  of  £,£'-DDT,  £,£'-DDD,  o,£'-DDT,  and  £,£'-DDE 
a function  of  incubation  time  at  field  capacity.  Another  set,  Fig.  16 


p.p'-DDT  and  P.g'-DDD 

Because  the  standard  Schechter-Haller  method  for  colorimetric  anal- 
ysis of  DDT  does  not  differentiate  £, £'-DDT  from  £,£'-DDD,  a principal 
metabolite  of  the  formor,  it  is  not  surprising  that  the  conversion  to 


BAR  CHART  SHOWING  THE  CHANGE  IN  CONCENTRATION  OF 

ICMjpm  TECHNICAL  DDT_ TREATMENTS  AT  FIELD 
CAPACITY  AS  A FUNCTION  OF  INCUBATION  TIME. 


BAR  CHART  SHOWING  THE  CHANGE  IN  CONCENTRATION  OF 
li.E'-DDT,  I>,E'-I)DD,  o.E'-ODT,  AND  £,£’-DDE  IN 


110  ppm  TECHNICAL  DDT  TREATMENTS  AT  FIELD 
CAPACITY  AS  A FUNCTION  OF  INCUBATION  TIME. 


BAR  CHART  SHOWING 
E,£'-DDT,  £,£ ' -I)DC 
110  ppm  TECHNICAL 
A FUNCTION  OF  INCH 


CHANGE  IN  CONCENTRATION 


FIGURE  19.  BAR  CHART  SHOWING  THE  CHANGE  IN  CONCENTRATION  OF 
£,£'-DDT,  £,£'-DDD,  o,£'-DDT,  AND  E,£'-DDE  IN 
210  ppm  TECHNICAL  DDT  TREATMENTS  AT  FIELD 
CAPACITY  AS  A FUNCTION  OF  INCUBATION  TIME. 


FIGURE  22. 


BAR  CHART  SHOWING  THE  CHANGE  IN  CONCENTRATION  OF 


o,£'-DDT  IK  110  ppm  TECHNICAL  DDT  TREATMENTS  AT 

Field  capacity  And  under  water  as  a function  of 

INCUBATION  TIME. 


BAR  CHART  SHOWING  TOE  CHANGE  IN  CONCENTRATION  OF 
n, p 1 -DDE  IN  110  ppm  TECHNICAL  DDT  TREATMENTS  AT 
FIELD  CAPACITY  AND  UNDER  WATER  AS  A FUNCTION  OF 
INCUBATION  TIME. 


trie  analyses  for  DDT  are  shown  in  Appendix  Tables  28-47. 

DDT  and  its  degradation  products  with  speed,  sensitivity,  and  preci- 
n not  believed  possible  a few  years  ago.  This  investigation  employed 


The  responses  o 


, and  £,P'-DDE  ar 


fluid, suggests 
anaerobiosis . Direct  evidence 


Miscus  et  al.  <1965),  in  whic 
' -DDD  in  samples  of  lake  water 


obically  it 
adjusted  tt 


d £,£'-D 


o degradation  w; 


Cor  the  potentiation  of  dechlorination 

Wedemoycr  ( 1966) . Each  noted  that  the 

he  environment.  Guenxi  and  Beard  (1967c) 
ail,  and  the  mixture  was  incubated  anaer- 

was  dechlorinated  by  soil  microorganisms 


FIGURE  25.  GAS  CHROMATOGRAM  OF  DDT  - COMPONENTS  AND  METABOLITES 
IN  HEXANE  EXTRACT  FROM  TREATMENT  2 CONTAINING  SOIL 
AND  10  ppm  TECHNICAL  DDT.  INCUBATED  AT  37C  FOR  12 


FIGURE  26.  GAS  CHROMATOGRAM  OF  DDT  - COMPONENTS  AND  METABOLITES 
IN  HEXANE  EXTRACT  FROM  TREATMENT  1 CONTAINING  SOIL, 

10  ppm  TECHNICAL  DDT.  AND  ACTIVATED  SEWAGE,  INCUBATED 


27.  GAS  CHROMATOGRAM  OF  DDT  - COMPONENTS  AND  METABOLITES 
IN  HEXANE  EXTRACT  FROM  TREATMENT  1 CONTAINING  SOIL, 


FIGURE 


GAS  CHROMATOGRAM  OP  DDT  - COMPONENTS  AND 
METABOLITES  IN  HEXANE  EXTRACT  FROM  TREATMENT 
4 CONTAINING  SOIL,  210  ppm  TECHNICAL  DDT, 

AND  CALCIUM  CARBONATE,  INCUBATED  AT  37C  FOR 
12  WEEKS  AT  FIELD  CAPACITY. 


FIGURE  30.  GAS  CHROMATOGRAM  OF  DDT  - COMPONENTS  AND  METABOLITES 
IN  HEXANE  EXTRACT  FROM  TREATMENT  4 CONTAINING  SOIL, 
210  ppm  TECHNICAL  DDT,  AND  CALCIUM  CARBONATE,  IN- 
CUBATED AT  37C  FOR  12  WEEKS  UNDER  WATER. 


o,£'-E 


Duffy  and  Wong  (1967)  observed  that  £,£'-DDD  and  £,£'-DDE  are  the 
chief  metabolites  of  DDT  in  the  soil.  £,£*-DDE  occurred  in  all  soils 
containing  DDT.  Guenzi  and  Beard  (1967c)  isolated  traces  of  £,£'-DDE 

This  study  found  similar  amounts  of  £,£'-DDE  in  all  of  the  three  levels  of 


ranging 


to  2.6  ppm  were  not  significantly  different  under 


It  is  the  general  belief  that  the  decomposition  o: 
s greatly  affected  by  temperature.  However,  Gallaher  and  Evans  (1961) 
ound  that  the  breakdown  of  DDT  was  not  affected  by  temperature  because 
he  decomposition  rate  did  not  increase  over  the  summer  period  (25  to 
;5  weeks)  with  its  accompanying  higher  temperatures. 

Temperature  is  one  of  the  primary  environmental  variables  influenc- 

;he  vicinity  of  25  to  35C.  Mesophilic  types  C' 


Guenzi  and  Beard  (1967c)  observed  anaerobic  biodegradation  of 


cubated  for  2-  and  d-  week  periods  at  30C. 

This  study  was  performed  at  an  incubation  temperature  of  37C  and 

under  water.  Since  temperature  was  not  n variable  in  this  investigation 
it  may  be  safe  to  conclude  that  other  than  the  indirect  effect  on  soil 
microbes,  it  was  not  directly  involved  in  the  degradation  of  the  in- 
secticide through  the  codistillation  process  as  mentioned  by  Acree  et  al. 


;d  metabolites  f 


•YSES  OF  THE  DDT  - COMPONENTS 
IM  TREATMENT  1 CONTAINING 
AND  ACTIVATED  SEWAGE, 
INCUBATED  AT  37C  AT  FIELD  CAPACITY  AND  BY 
FLOODING  WITH  WATER.* 


GAS  CHROMATOGRAPHIC  ANALYSES  OF  THE  DDT  - COMPONENTS 
AND  METABOLITES  FROM  TREATMENT  1 CONTAINING 
SOIL,  TECHNICAL  DDT,  AND  ACTIVATED  SEWAGE, 
INCUBATED  AT  37C  AT  FIELD  CAPACITY  AND  BY 
FLOODING  WITH  WATER.* 


applic 


CAS  CHROMATOGRAPHIC  ANALYSES  OF  THE  DDT  - COMPONENTS 
AND  METABOLITES  FROM  TREATMENT  1 CONTAINING 
SOIL,  TECHNICAL  DDT,  AND  ACTIVATE  . SEWAGE, 
INCUBATED  AT  37C  AT  FIELD  CAPACITY  AND  BY 
FLOODING  WITH  WATER.* 


applit 


CAS  CHROMATOGRAPHIC  ANALYSES  OF  THE  DDT  - COMPONENTS 
AND  METABOLITES  FROM  TREATMENT  1 CONTAINING 
SOIL,  TECHNICAL  DDT,  AND  ACTIVATED  SEWAGE, 
INCUBATED  AT  37C  AT  FIELD  CAPACITY  AND  BY 
FLOODING  WITH  WATER. 


upplic 


CAS  CHROMATOGRAPH  Z C ANALYSES  OF  THE  DDT  - COMPONENTS 
AND  METABOLITES  FROM  TREATMENT  1 CONTAINING 
SOIL,  TECHNICAL  DDT,  AND  ACTIVATED  SEWAGE, 
INCUBATED  AT  37C  AT  FIELD  CAPACITY  AND  BY 
FLOODING  WITH  WATER.' 


replicated 


CHROMATOGRAPHIC  ANALYSES  OF  THE  DDT  - COMPONENTS 
AND  METABOLITES  FROM  TREATMENT  2 CONTAINING 
SOIL  AND  TECHNICAL  DDT.  INCUBATED  AT  37C  AT 
FIELD  CAPACITY  AND  BY  FLOODING  WITH  WATER. 


CAS  CHROMATOGRAPHIC  ANALYSES  OF  THE  DDT  - COMPONENTS 
AND  METABOLITES  FROM  TREATMENT  2 CONTAINING 
SOIL  AND  TECHNICAL  DDT,  INCUBATED  AT  37C  AT 
FIELD  CAPACITY  AND  BY  FLOODING  WITH  WATER. 


replicated 


GAS  CHROMATOGRAPHIC  ANALYSES  OF  THE  DDT  - COMPONENTS 
AND  METABOLITES  FROM  TREATMENT  2 CONTAINING 
SOIL  AND  TECHNICAL  DDT,  INCUBATED  AT  37C  AT 
FIELD  CAPACITY  AND  BY  FLOODING  WITH  WATER.* 


replicated 


GAS  CHROMATOGRAPHIC  ANALYSES  OF  THE  DDT  - COMPONENTS 
AND  METABOLITES  FROM  TREATMENT  2 CONTAINING 
SOIL  AND  TECHNICAL  DDT,  INCUBATED  AT  37C  AT 
FIELD  CAPACITY  AND  BY  FLOODING  KITH  WATER.'1 


replicated 


GAS  CHROMATOGRAPHIC  ANALYSES  OF  THE  DDT  - COMPONENTS 
AND  METABOLITES  FROM  TREATMENT  2 CONTAINING 
SOIL  AND  TECHNICAL  DDT,  INCUBATED  AT  37C  AT 
FIELD  CAPACITY  AND  BY  FLOODING  WITH  WATER. 


replica tod 


CHROMATOGRAPHIC  ANALYSES  OF  THE  DDT  - COMPONENTS 
AND  METABOLITES  FROM  TREATMENT  3 CONTAINING 
SOIL,  TECHNICAL  DDT.  AND  SULFUR.  INCUBATED 
AT  37C  AT  FIELD  CAPACITY  AND  BY  FLOODING 


GAS  CHROMATOGRAPHIC  ANALYSES  OF  THE  DOT  - COMPONENTS 
AND  METABOLITES  FROM  TREATMENT  3 CONTAINING 
SOIL,  TECHNICAL  DDT,  AND  SULFUR,  INCUBATED 
AT  37C  AT  FIELD  CAPACITY  AND  BY  FLOODING 


replicated 


applic 


CAS  CHROMATOGRAPHIC  ANALYSES  OF  THE  DDT  - COMPONENTS 
AND  METABOLITES  FROM  TREATMENT  3 CONTAINING 
SOIL,  TECHNICAL  DDT,  AND  SULFUR,  INCUBATED 
AT  37C  AT  FIELD  CAPACITY  AND  BY  FLOODING 


CHROMATOGRAPHIC  ANALYSES  OF  THE  DDT  - COMPONENTS 
AND  METABOLITES  FROM  TREATMENT  3 CONTAINING 
SOIL,  TECHNICAL  DOT,  AND  SULFUR,  INCUBATED 
AT  37C  AT  FIELD  CAPACITY  AND  BY  FLOODING 


GAS  CHROMATOGRAPHIC  ANALYSES  OF  THE  DDT  - COMPONENTS 
AND  METABOLITES  FROM  TREATMENT  3 CONTAINING 
SOIL,  TECHNICAL  DDT,  AND  SULFUR,  INCUBATED 
AT  37C  AT  FIELD  CAPACITY  AND  BY  FLOODING 


replicated 


GAS  CHROMATOGRAPHIC  ANALYSES  OF  THE  DDT  - COMPOSE 
AND  METABOLITES  FROM  TREATMENT  4 CONTAINING 
SOIL,  TECHNICAL  DDT,  AND  CALCIUM  CARBONATE, 
INCUBATED  AT  37C  AT  FIELD  CAPACITY  AND  BY 
FLOODING  WITH  WATER.* 


replicated 


CHROMATOGRAPHIC  ANALYSES  OF  THE  DDT  - COMPONENTS 
AND  METABOLITES  FROM  TREATMENT  A CONTAINING 
SOIL,  TECHNICAL  DDT,  AND  CALCIUM  CARBONATE, 
INCUBATED  AT  37C  AT  FIELD  CAPACITY  AND  BY 
FLOODING  WITH  WATER. 


CHROMATOGRAPHIC  ANALYSES  OP  THE  DDT  - COMPONENTS 
AND  METABOLITES  FROM  TREATMENT  4 CONTAINING 
SOIL,  TECHNICAL  DDT,  AND  CALCIUM  CARBONATE, 
INCUBATED  AT  37C  AT  FIELD  CAPACITY  ADD  BY 
FLOODING  WITH  WATER.* 


applie 


GAS  CHROMATOGRAPHIC  ANALYSES  OF  THE  DDT  - COMPONENTS 
AND  METABOLITES  FROM  TREATMENT  4 CONTAINING 
SOIL,  TECHNICAL  DDT,  AND  CALCIUM  CARBONATE, 
INCUBATED  AT  37C  AT  FIELD  CAPACITY  AND  BY 
FLOODING  WITH  WATER.* 


replicated 


D CONCLUSIONS 


ling  various  insect  pests.  The  extreme 
documented  (Edwards  196G) . Persistence 
contributing  to  the  usefulness  of  DDT  aj 

application  a 


during  the  past  20  years  in  control- 
:reme  recalcitrance  of  DDT  is  well- 
. an  important  characteristic 

harmful  side  effect  of  DDT 


lan’s  foodchain  and  raises  important 

residue  in  soil. 

understood.  According  to  the  general  trend  in  this  field  of  pesticide 
research,  it  will  be  noted  that  interaction  between  pesticide  c 
and  soil  has  been  studied  mostly  under  upland  and  not  water-logged  o 
ditions.  In  general,  a drastic  effect  is  induced  on  biochemical  and 
chemical  activity  in  the  soil  by  submergence. 

The  objective  of  this  laboratory  study  was  to  investigate  the  f 
of  applied  technical-grade  DDT  in  virgin  Arredondc  r'ine  sand  and  th 


soil  which  had  been  altered  ' 
and  calcium  carbonate  and  incubated 
logged  conditions. 

ess  employed  and  the  conditions  of  : 


f activated  sewage,  sulfur, 
ipal  ones  boing  £,£'-DDT 


(85-80%),  o,£'-DD 
agreed  to  be  the 


, and  £,£'-DD 


DDT  residues  in  soil  strongly  resist  microbial  degradation,  al- 
though dechlorination  of  DDT  to  DDD  can  occur  in  higher  organisms  (Datta 
et  al.  1964).  Also,  dechlorination  of  DDT  by  microorganisms  is  possible 
(Barker  and  Morrison  1965,  Kallman  and  Andrews  1963) . However,  the 
efficacy  of  conversion  by  microorganisms  is  inversely  proportional  to 
the  availability  of  oxygen  in  the  system  (Stenerson  1965,  Castro  1964, 
Miscus  ot  al.  1965).  It  seems  likely  that  microbial  dechlorination  of 
DDT  might  be  explained  as  a process  implicating  the  cytochromes  of  the 
respiratory  chain,  the  absence  of  oxygen  serving  to  keep  the  cytochromes 
in  the  reduced  (Fe  ID  state.  The  use  of  selective  inhibitors  indicated 
that  the  reduced  Fe  (II)  cytochrome  oxidase  was  responsible  for  DDT 
dechlorination  (Wedemeyer  1966).  DDD  is  often  detected  as  a residue  in 
situations  whore  only  DDT  has  been  used,  and  DDD  appears  to  persist  for 
unusually  long  periods.  Studies  with  14C-DDT  incubated  with  bovine 
rumen  fluid  lake  water,  and  aqueous  solutions  of  reduced  porphyrins 
showed  partial  conversion  to  14C-DDD  (Miscus  et  al.  1965).  14C-DDT  and 
carrier  DDT  were  added  to  soil  and  incubated  under  anaerobic  condition 
at  an  atmosphere  of  20*  C02  and  80*  N,.  DDT  was  dechlorinated  to  DDD 
in  the  anaerobic  system  by  soil  microorganisms  (Guenzi  and  Beard  1967c). 

Soil  samples  (0-15  cm)  representing  Arredondo  fine  sand  were 
obtained  from  the  University  of  Florida  Campus.  The  activated  sewage 
was  obtained  from  the  Sewage  Treatment  Plant  also  on  the  University  of 
Florida  Campus.  All  samples  were  characterized  prior  to  the  exporimen- 


The  factorial  experiment  was  conducted  in  the  completely  randomized 
design.  Technical-grade  DDT  powder,  flowers  of  sulfur,  and  calcium 

:e  applied  and  thoroughly  mixed  with  the  soil.  The  purpose 
to  get  extreme  pH  values 


. - . 


i technical-grade  DDT,  10  p 
ail  moisture  was  maintained 


a obtained  by  flooding 


analysed  !' 


incubators  at  37C.  ! 
weeks  of  incubation  ai 


Tbe  gas  chromatography  equipment  us 


equipped  with  an  electron-capture 


the  experiment  was  analysed  for  £,p'-DDT,  o,p’-3 
operating  parameters  of  the  gas  chromatograph  wi 
detection  and  quantification  of  p,p'-DDT,  £,£'-! 

DDE  as  the  technical-grade  D: 

on  the  degradation  of  the  insecticide.  It  was,  therefore,  decided  to 
consider  the  average  of  ji.p'-DDT,  £,p'-DDD,  o,£'-DDT,  and  £,£'-DDE 

£,£’-DDT  was  dechlorinated  t< 
ysis  of  the  soil  samples  at  the  end  of  0,  6,  12,  1: 

level  of  £,£'-DDD  declined  from  1 ppm  to  0.1-1  ppm 
Because  the  degree  of 


e flooded  s< 


it  is  to  be  expected  that  under  flooding  with  water  oxygen  w: 
limiting  factor.  The  observed  dechlorination  of  £,£'-DDT  an. 


treatments,  anaerobic  conditions 
dechlorination  of  £,£'-DDT  to  the 
.5.-1  ppm  of  p.p'-DDD  was  recorded. 


or  favoring 

In  110  ppm  technical-grade 
obtained  by  flooding 
extent  that  a final  concentration  of  15.4  ppm  of  £,£'-DDD  w 
The  concentration  of  £,£'-DDT  decreased  from  around  62  ppm 
in  the  flooded  soil  only  and  no  noticeable  change  occurred 
drained  situation. 

In  210  ppm  technical-grade  DDT  treatments,  at  the  end 
tion,  35  ppm  of  £,p'-DDD  was  detected  in  the  soil  kept  undt 
Analysis  of  the  moist  soil  showed  an  increase  to  10  ppm  of 
presumably  due  to  localised  anaeroblosis  caused  by  entrappi 
water.  However,  with  time,  £,£'-DDD  degraded  and  a It 

but  in  the  flooded 


a biocide  is  much  less  t 

10  ppm  tochnical-grado 

in  the  soil  maintained  at  fielt 
The  loss  was  more  significant 


f technical-grade  d: 


capacity  and  in  the  water-loi 


In  110  ppm  technical-grade  D 
around  23  ppm,  o,£'-DDT  degraded 
The  compound  practically  remained 
Some  alteration  of  o,£'-DDT 


;o  9 ppm  under  anaerobic  conditions, 
unaltered  in  the  aerobic  soil. 

•as  noticeable  in  the  moist  soil  con- 


210  ppm  of  technical-grado 


is  detected  a 


study  found  similar 
f technical-grade  DDT 


le  concentrations  ranging 
ppm  to  2.6  ppm  were  not  significantly  different  under  both 
and  anaerobic  conditions. 

nee  temperature  was  not  a variable  in  this  investigation  it  may 
to  say  that  other  than  the  indirect  effect  on  soil  microbes,  it 
directly  involved  in  the  degradation  of  the  insecticide, 
following  conclusions  were  made: 

;s  consisting  of  sewage,  no  treatment,  sulfur 
any  significant  interaction 
With  the  levels  of  £,£’-DDT,  £,jj'-DDD,  o,  p'-DDT,  and  £,£'-DDE 
as  degradation  products  of  technical-grade  DDT.  It  is  also 
apparent  that  pH  changes  did  not  affect  the 
Anaerobic  conditions  obtained  by  flooding  c 
dechlorination  of  j>,£'-DDT  and  its  conversion  to  £,£'-DPD  was 
enhanced  under  water-logged  conditions  creating  or  favoring 

Aerobic  conditions  favored  the  degradation  of  £,£'-DDD.  An 
increase  in  the  concentration  of  £,i»'-bbu  at  the  beginning,  in 
the  moist  soil  was  presumably  due  to  localised  anacrobiosis 
caused  by  entrapped  C02  or  water. 

In  general,  more  o,£'-DDT  was  lost  from  the  flooded  soil  and 
some  alteration  of  this  compound  was  noticeable  in  the  moist 


levels  of  technical-grade 


under  both  aerobic  and  anaerobic 


significantly  different 


APPENDIX 


pH  CHANGES  AND  COLORIMETRIC  ANALYSES  FOR 
TREATMENT  1 CONTAINING  SOIL,  TECHNICAL 
ACTIVATED  SEWAGE,  INCUBATED  AT  37C  AT 
CAPACITY  AND  BY  FLOODING  WITH  WATER. 


pH  CHANGES  AND  COLORIMETRIC  ANALYSES  FOR  DDT  FROM 
TREATMENT  1 CONTAINING  SOIL,  TECHNICAL  DDT,  AND 
ACTIVATED  SEWAGE,  INCUBATED  AT  37C  AT  FIELD 
CAPACITY  AND  BY  FLOODING  WITH  WATER. 


applied  in  the  soil  and 


pH  CHANGES  AND  COLORIMETRIC  ANALYSES  FOR  DDT  FROM 
TREATMENT  l CONTAINING  SOIL,  TECHNICAL  DDT,  AND 
ACTIVATED  SEWAGE,  INCUBATED  AT  37C  AT  FIELD 
CAPACITY  AND  BY  FLOODING  WITH  WATER. 


applied  in  the  soil  and 


pH  CHANGES  AXD  COLORIMETRIC  ANALYSES  FOR  DDT  FROM 
TREATMENT  t CONTAINING  SOIL,  TECHNICAL  DDT,  AND 
ACTIVATED  SEWAGE,  INCUBATED  AT  37C  AT  FIELD 
CAPACITY  AND  BY  FLOODING  WITH  WATER. 


applie 


pll  CHANGES  AND  COLORIMETRIC  ANALYSES  FOR  DDT  FROM 
TREATMENT  1 CONTAINING  SOIL,  TECilNICAL  DDT,  AND 
ACTIVATED  SEWAGE,  INCUBATED  AT  37C  AT  FIELD 
CAPACITY  AND  BY  FLOODING  WITH  WATER . 


pH(H20) 


pH  CHANGES  AND  COLORIMETRIC  ANALYSES  FOR  DDT 
TREATMENT  2 CONTAINING  SOIL  AND  TECHNICAL 
INCUBATED  AT  37C  AT  FIELD  CAPACITY  AND  BY 
FLOODING  WITH  WATER. 


pH  CHANGES  AND  COLORIMETRIC  ANALYSES  FOR  DDT  FROM 
TREATMENT  2 CONTAINING  SOIL  AND  TECHNICAL  DDT, 
INCUBATED  AT  37C  AT  FIELD  CAPACITY  AND  BY 
FLOODING  WITH  WATER.* 


applio 


pH  CHANGES  AND  COLORIMETRIC  ANALYSES  FOR  DDT  FROM 
TREATMENT  2 CONTAINING  SOIL  AND  TECHNICAL  DDT, 
INCUBATED  AT  37C  AT  FIELD  CAPACITY  AND  BY 
FLOODING,  WITH  WATER.* 


PH(H20> 


pH  CHANGES  AND  COLORIMETRIC  ANALYSES  FOR  DDT  FROM 
TREATMENT  2 CONTAINING  SOIL  AND  TECHNICAL  DDT, 
INCUBATED  AT  37C  AT  FIELD  CAPACITY  AND  BY 
FLOODING  WITH  WATER.* 


pH  CHANGES  AND  COLORIMETRIC  ANALYSES  FOR  DDT 
TREATMENT  2 CONTAINING  SOIL  AND  TECHNICAL 
INCUBATED  AT  37C  AT  FIELD  CAPACITY  AND  BY 
FLOODING  WITH  WATER.’ 


pH  CHANGES  AND  COLORIMETRIC  ANALYSES  FOR  DDT  F 
TREATMENT  3 CONTAINING  SOIL,  TECHNICAL  DDT,  . 
SULFUR,  INCUBATED  AT  37C  AT  FIELD  CAPACITY  A 


pH  CHANGES  AND  COLORIMETRIC  ANALYSES  FOR  DDT  FROM 
TREATOEXT  3 CONTAINING  SOIL,  TECHNICAL  DDT,  AND 
SULFUR,  INCUBATED  AT  37C  AT  FIELD  CAPACITY  AND 
BY  FLOODING  WITH  WATER.* 


pH  CHANGES  AND  COLORIMETRIC  ANALYSES  FOR  DDT  FROM 
TREATMENT  3 CONTAINING  SOIL,  TECHNICAL  DDT,  AND 
SULFUR,  INCUBATED  AT  37C  AT  FIELD  CAPACITY  AND 
BY  FLOODING  KITH  WATER.* 


pH(H20> 


***Technical -grade  DDT  powder  in  ppm  applied  in  the  soil  and 
replicated  2 times. 


pH  CHANGES  AND  COLORIMETRIC  ANALYSES  TOR  DDT  FROM 
TREATMENT  3 CONTAINING  SOIL,  TECHNICAL  DDT,  AND 
SULFUR,  INCUBATED  AT  37C  AT  FIELD  CAPACITY  AND 
BY  FLOODING  KITH  WATER. 


ppm  applie 


pH  CHANGES  AND  COLORIMETRIC  A; 
TREATSENT  3 CONTAINING  SOIL 
SULFUR,  INCUBATED  AT  37C  AT 
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